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(57) AbregeVAbstract 

A strut assembly includes an sxiaJty elasticalry extensible tube having attachment means at each end and an aXialhy extensible 
actuator attached within the tube and betuveen Its enda so that reciprocal axial extensions of the actuator cause elastic 
longitudinal displacements of the strut assembly. Such e strut assembly is particularly useful for UansmHUng operational loads 
between parts of a structure and for Inputting periodic loads into one of the parts as part of an active vibration control system. 
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BACKGROUND OF THE XNVERTIQN 

5 1. Field of the Invention 

Uua invention relates to strut assemblies and particularly to strut 
assemblies for interconnecting parts of a structure for transmitting 
operational loads and for introducing forcing loads as part of an 
active vibration reducing system* 

10 

2. Description of the Prior Art 

US-^r-4B191B2 describes an active vibration reducing system in which a 
plurality of force actuators are connected at or across locations 
between parte of a structure which are capable of relative movement at 

15 dominant vibrating forcing frequencies. A number of sensors measure 
the vibration response at key locations on the structural part in which 
vibration is to be reduced and the resulting signals are fed to an 
adaptive carter/controller which provides optimal signals to the 
actuators to produce forces at the sensor locations in the structural 

20 part* the actuators are powered by pulsed fluid supplies, preferably 
hydraulic supplies. 

in such a system it is essential that the interconnected parts of the 
structure possess different stiffness and mass characteristics so that 
25 actuator forces, are reacted by the part having the greater stiffness 
and mass to impart movement to the other part of the structure having 
the lower stiffness and mass and in which vibration is' to be reduced. 

The aforementioned vibration reducing system is particularly suited for 
30 use in helicopters in that a fuselage structure in which it is desired 
to reduce vibration is generally constructed to be lightweight and 
flexible and is attached beneath a gearbox and rotor structure that has 
a high mass and is constructed to, be as rigid as possible. Not 
surprisingly then, an exemplary embodiment of US-rA-4819182 envisages 
35 connecting the force actuators between the gearbox and the fuselage 
although it is clear that other locations are possible. Furthermore, 
whilst such a system, known as a dual point actuation system, has been 
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used the actuators can alternatively be connected between the fuselage 
structure at one point and a seis«dc mas* to generate the required 
forcing. Such a system is tanned a single point actuation system 



30 
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The system of US-A-4319182 has been demonstrated on the westland 
helicopter and that installation is described in a paper presented at 
the 15"* European Botprcraft Forum in September 1989 titled "An 
evaluation of active control of structural response as a means of 
reducing helicopter vibration"- In the Westland 30* the gearbox and 
rotor are mounted on a raft connected to the fuselage by fGur 
elastcmeric units which provided an ideal location for the force 
actuators, and four electro-hydraulic actuators were incorporated in 
modified elastcmeric units inj&ich the actuators operate in parallel 
with the elastomer spring- such a system of force actuators is however 
15 not widely applicable since in many helicopters the gearbox is attached 
directly to lift fra»B members in the fuselage either through a 
plurality of gearbox mounting feet or a plurality of eternal angled 
strut assemblies. 

20 Such a strut assembly is disclosed for use with one embodiment of a 
prior single input/single output vibration reducing system that is the 
subject of US-a-3477665. Thus, Figure 7 of that specification 
discloses a strut assembly incorporating an electro-hydraulic jack 
straddling an oblate oval elastic ring which in operation is required 

25 to transmit primary lift and nanoeuvring loads whilst permitting the 
jack to input forcing loads to reduce vibration . 

Problems with the prior strut assembly are that the oval elastic ring 
represents an inefficient primary load path and it is difficult to 
30 tailor th* bending loads in the ring to suit operational requirements 
in respect of both mechanical strength and elastic properties, ttie 
elastic ring requires a large space envelope and is bulky and heavy 
which may also frustrate installation in some applications. 

E5 These problems would be multiplied in attempting to utilise the strut 
assembly of US-ftr-3477665 in the more sophisticated vibration reducing 
system of US-A-4B19182 because of the necessity for a plurality of 

* Trade Hark 
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jacks all inputting forcing loads simultaneously. 

This invention provides a strut assembly which overcomes or 
at least mitigates the aforementioned problems. 

5 

SUMMARY OF THE INVENTION 
Accordingly, in one aspect, this invention provides a strut assembly 
for interconnecting two parts of a structure for transmitting 
operational loads between the parts and for inputting periodic loads to 

10 at least one of the parts, said strut assembly camp rising an axially 
elastically extensible tube having attachment means at each end for 
attaching said strut assembly between said parts and an axially 
extensible actuator attached within the tube between its ends, the 
axial stiffness of the tube being selected so that reciprocal axial 

15 extensions of the actuator cause elastic longitudinal displacements of 
the strut assembly to input said periodic loads. 

The actuator may extend coaxially within the tube and may comprise a 
body portion attached to the attachment means at one end of the tube 
20 and an actuator ram attached to the attachment means at the ether end. 

Conveniently/ the actuator body portion may be attached to an annular 
surface at an inner end of a tubular support member extending coaxially 
within the tube from said attachment means. 

25 

The actuator may comprise an electrorhydraulic actuator. Preferably, 
the axially elastically extensible tube is manufactured from fibre 
reinforced plastics materials. 

30 In another aspect, this invention provides a Strut assembly for 

interconnecting two parts of a structure for transmitting operational 
loads between the parts and for inputting periodic loads to at least 
one of said parts, said strut assembly comprising an axially 
elastically extensible tube having attachment means at one end for 

35 attachment to one of said structural parts and its other end attached 
to a support member having attachment means for connection to the other 
of said structural parts, an axially extensible actuator attached 

3 
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c-axiaily in the tube between said support «*mb*r and the end of the 
tube, the axial stiffness of the fa** being selected so that reciprocal 
extensions of the actual cause elastic longitudinal displaces of 
the strut assentoly to Input said periodic loads. 

5 in yet another aspect this invention provides a stmt assembly for 
connecting a gear** to a helicopter fuselage for transmitting flight 
loads from the gearbox to the fuselage and for inputting periodic 
' forcing loads into the gearbox as part of an active vibration control 
10 system, said strut assembly comprising an axially elasticslly 

extensible tabs having attachment means at its ends for attachment 
respectively to said gearbox and fuselage, an axially extensible 
actuator attached co-axially within the tube between its ends, the 
axial stiffness of the tube being selected to be capable of 
15 transmitting operational loads and so that reciprocal extensions of the 
actuator cause elastic longitudinal displacements of the strut assembly 
to input said periodic forcing loads. 

BRIEF PESCBIPTION OP TBE PifflMPlSS 

20 The invention will now be described by way of example only and with 
reference to the aBCompanyin* drains* in whic " n: 

Figure 1 is a generally schematic fragmentary sideview of a helicopter 
incorporating a plurality of strut assemblies constructed according to 
25 this invention, 

Figure. 2 is a longitudinal sectioned view a£ one of the strut 
assemblies taken on arrows of Figure 1, and 

30 Figure 3 is a longitudinal sectioned view of part of the strut assembly 
of Figure 2. 

DETMLSP DESCRIPTION OF THE DBflWlNSS 
Referring now to Figure I, a helicopter generally indicated at 11 has a 
35 fuselage 12 carrying a gearbox 13 driving a main sustaining rotor 14 
about a generally vertical axis IS. Gearbox 13 is supported from the 
fuselage 12 by four strut assemblies 16 (two only being shown) attached 
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between the gearbox 13 and fuselage 12. 

Bach of the strut assembles 16 transmits priioary flight and 
ZlZti** load, from the S ea*bo* 13 to the fusela B e 12. m action 
each of the stmt asse-fclies 16 incorporates an electro-hydraulic 
actuator 24 as hereinafter describe*, the actuators being coONrt* to 
a controller 17 Of an active vibration octroi systam for xuputting 
forcing loads as described in the aforementioned US^r-4819182. 

As shown in Figure 2, each strut asse-toly 16 includes a» asially 
elastically extensible tube IB manufactured from fibre reinforced 
plastics materials and having attachment mean* comprising apertured end 
fitting 19 bolted into one end to facilitate attachment to the gearbox 
13 The other end of tube i8"is bolted to an external surface of a 
generally tubular cc^xlal support meatoer 20 having an integral 
apertured end fitting 21 for attachment to the fuselage 12. The 
tubular end Of support «*mber 20 extends co^xlally within tube IB to 
terminate at an inner annular surface 22 partially along the length of 
tube IB. 

20 A. body portion 23 of the electro-hydraulic actuator 24 is bolted to the 
inner surface 22 of support renter 20 through an integral flange. 25 so 
as to extend co-axially in respect of the ta.be 16. An outer end of an 
actuator rem 26 of actuator 24 is bolbed centrally to the end fitting 

25 19 at the end of tube 18. 

Hydraulic supply and return lines (not shown) are connected 
respectively to ports 27 and 28 extending radially from the body 
portion 23 and protruding through clearance holes 33 in the. support 
30 member 20 and clearance holes 34 in the tube IB. Electrical signals 
from controller 17 (Figure 1) are supplied to the actuator 24 through a 
cable 29 routed through an aperture in the wall of support neuter 20. 

The stiffness characteristics of the axially elastically extensible 
35 tube 18 are determined for each particular application and are achieved 
by the choice of materials used in its manufacture and, in the case of 
fibr^reinforced materials, the particular lay-up of such materials. 



5 
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deferring now to Figure 3 the basic tube 18 of the illustrated 
embodiment con^rises fourteen layers of unidirectional glass 
reinforcing fibres in a polymer matrix. The glass fibres are 'S' glass 
fibres and the polymer is a thermoplastic colYethe retherketone (PEEK) 

5 resin, Sevan of the plies are arranged with tha fibres at 0 degrees to 
the longitudinal axis of the tube 18 and seven plies are arranged with 
the fibres at ±45 degrees. She outer end of tube 18 which is attached 
to end fitting 19 (Figure 2) is thickened internally at 31 by an 
additional twenty eight plies vith the fibres arranged at both 0 and 

10 +45 degrees, and the other end is thickened externally at 32 by a 
similar amount. 

•the use of fibre reinforced plastics materials facilitates the 
manufacture of tha tube 18 and ensures it has the necessary mechanical 
15 strength and elastic properties in order for the strut assembly 16 to 
perform its operational functions. 

Hfrue the tube IS has sufficient mechanical strength to enable the strut 
assembly 16 to provide support between the helicopter fuselage 12 and 

20 gearbox 13 in order to sustain the lift and manoeuvre loads emanating 
from the sustaining rotor 14. Furthermore, the elastic properties of 
the tube 1ft provide appropriate .axial elastic extensibility such that 
the actuator 24 mounted in parallel and signalled from the controller 
17 of Che active vibration control system can input the displacements 

25 to introduce forcing loads into the strut assembly 16 by axial elastic 
extension of the tube Id to control the dynamic response of fuselage 12 
in the manner disclosed in ns^A-4819182. 

The strut assembly 16 of this invention provides a staple, compact and 
30 lightweight device. The use of an axially elastically extensible tube 
IB in parallel with the actuator 24 provides an efficient primary load 
path and the tube 18 can be readily tailored during manufacture to 
provide optimum mechanical strength and elastic properties. 

35 The fibre reinforced tube IB of the illustrated embodiment can be 

manufactured using any available techniques such as moulding using an 
inflatable inner mandrel and a female mould tool, and the fibre 

6 
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reinforced material can be in the form of pre-ii^regnated sheets or in 
the fona of continuous fibres laid using available automated winding 
techniques. 

5 Although described herein in respect of its application as part of a 
vibration reducing system on a helicopter, the strut assembly 16 of 
this invention can be used to good affect in other installations 
incorporating active vibration reducing systems. For exaxm>Le the strut 
assembly 16 could be used to support the engines in the engine bays of 

10 fixed wing aircraft to reduce fuselage vibration as well a B in land or 
sea vehicles or in fixed installations- Furthermore, the strut 
assenibly 16 of this invention can be used in both dual point and single 
point actuation system and p in the latter type systems , it will be 
understood that the mass comprises one of the two structural p^rts 

15* interconnected by the strut assembly 16. 

Whilst one embodiment has been described and illustrated it will be 
understood that many modifications icay be made without departing from 
the scope of the invention ♦ For example, other suitable fibre 

20 reinforced materials such as carbon or boron reinforcing fibres and 
thermosetting resins may be used for the manufacture of the axially 
Plastically extensible tube 18. Furthermore, in some installations 
especially in which the weight of the strut assembly 16 is not a design 
consideration , the axially extensible tube IB can be manufactured from 

25 metal for example titanium* other suitable forras of actuator can be 
used in place of the elecrtrohydraulio actuator 24 of the described 
embodiment. 



PAGE 14/19 * RCVD AT 6/1/2005 1:52:10 PM [Eastern Daylight Time] * SVR:UK>T0^XRF-1/2 * DNIS:8729306 * CSID:604 681 4081 * DURATION (mm-ss):05^4 



06/01/05 10:55 FAX 604 681 4081 



OYEN W IGGS ET AL 



B1015/019 



CA 02061823 2001-03-20 



10 



The embodiments of the invention in *hich an exclusive property or 
privilege is claimed are defined as follows i- 

1, A strut assembly for interconnecting two parts of a structure 
for transmitting operational loads between the parts and for 
inputting periodic loads to at least one of the parts includes an 
axially elastically extensible tube having attachment means at each 
end for attaching a strut between said pares and an axially 
extensible actuator attached within and between ends of the tube, 
rhe axial stiffness of the tube being selected so that reciprocal 
axial extensions of the actuator cause elastic longitudinal 
displacements of the strut assembly to input said periodic loads. 

2. A strut assembly as clained in Claim 1 wherein said actuator 

15 extends cc-axially within the tube and includes a body portion attached 
to the attachment means at one end of the tube and an actuator ram 
attached to the attachment means at the other end. 

3. A strut assembly as claimed in Claim 2 wherein said actuator body 
20 portion is attached to an annular surface at an inner end of a tubular 

support member extending co-axially within the tube from said 
attachment means. 

4 . A strut assembly as claimed in any one of claims 1 to 3 
wherein said actuator is an electro -hydraulic actuator . 



25 



30 



5. A strut assembly as claimed in any one of claims 1 to 4 
wherein the axially elastically extensible tube is manufactured 
from fibre reinforced plastics materials. 



6. A strut assembly for interconnecting two parts of a structure 
for transmitting operational loads between the parts and for 
inputting periodic loads to at least one of said parts includes 
35 an axially elastically extensible tube having attachment means at 
one end for attachment to one of said structural parts and the 
other end of the tube attached to a support member having 
attachment means for connection to the other of said 
structural parts, an axially extensible actuator attached 
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co-axially in the tube between said support member and the end of the 
tube, the axial stiffness of the tube being selected so that reciprocal 
extensions of the actuator cause elastic longitudinal displacements of 
the strut assembly to input said periodic loads. 

5 

7. a strut assembly for connecting a gearbox to a helicopter fuselage 
foe transmitting flight loads from the gearbox to the fuselage and for 
inputting periodic forcing loads into the gearbox as part of an active 
vibration control system, said strut assembly comprising an axially 

10 elastically extensible tube having attachment means at each end for 
attachment respectively to said gearbox and fuselage, an axially 
extensible actuator attached co-axial ly within the tube between a 
support member and one end of the tube, the axial stiffness of the tube 
being selected to be capable of transmitting operational- loads and so 

IS that reciprocal extensions of the actuator cause elastic longitudinal 
displacements of the strut assembly to input said periodic forcing 
loads* 
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Title: ASSEMBLIES 

A strut assembly includes an axially elaeticaOly extensible tube having 
attachment means at each and and an axially extensible actuator 
attached within the tube and between its ends so that reciprocal axial 
extensions of the actuator cause elastic longitudinal displacements of 
5 the strut assewbly. Such a strut assembly is particularly useful for 
transmitting operational loads between parts of a structure and for 
inputting periodic loads into one of the parts as part of an active 
vibration control system. 
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Fig, 1. 
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